The 09 antigen of Burkholderia (Pseudornonas) cepacia has the following disaccharide repeating-unit:
Introduction
The growing importance [1, 2] of the organism generally known as Pseudomonas cepacia, but which has recently been transferred to the new genus Burkholderia [3] , has encouraged the development of various schemes for the typing of clinical isolates [4] , including several for the classification of heat-stable O antigens (the putative side chains of the lipopolysaccharides (LPS)). Substantial progress in structural characterisation of the polymers has been made by Knirel and his colleagues [5] , and structures for several polymers from the LPS isolated from reference strains for the O serogroups in the scheme of Monteil et al. [6] have also been established in our laboratory * Corresponding author. [7] . The original scheme of seven O serogroups [6] has recently been supplemented by two more (08 and 09) [8] . Here we report the structure of the repeating unit in the O9 antigen.
Materials and Methods

Strain and growth conditions
The 09 reference strain (CDC 86) of B. cepacia was provided by Professor H. Monteil and Dr. P. Riegel (Institut de Bact6riologie, Universit6 Louis Pasteur, Strasbourg). The organism was grown for 24 h at 34°C in nutrient broth CM67 (Oxoid, 20 1) from a 1% inoculum, with aeration at 20 1 min-1 and stirring at 300 rev min-1.
Preparation and fractionation of LPS
Cells were disintegrated mechanically (Dyno Mill KDL), and LPS was extracted from defatted, purified cell walls by the hot aqueous-phenol method as in related studies [7] . Water-soluble products obtained by mild acid hydrolysis of the LPS (1% acetic acid, 100°C, 2 h) were fractionated by chromatography on Sephadex G-50. The polymeric fraction (the O antigen, presumably with attached core oligosaccharide) was used for structural studies.
Determination of monosaccharide composition
Monosaccharides were released by acid hydrolysis (2 M HCI, 105°C, 2 h), and the hydrolysates were neutralised and deionised by using ion-exchange resins. The products were identified by paper chromatography (ethyl acetate/pyridine/ water (6 : 4 : 3, v/v/v)), high-performance liquid chromatography (HPLC) on a CarboPac PAl00 column in a Dionex DX-300 instrument with a pulsed electrochemical detector (isocratic elution with 0.1 M NaOH), and gas-liquid chromatography (GLC) of the alditol acetates (Carlo Erba Mega 5160 chromatograph; fused-silica capillary column of BP1 (25 m)). Both glucose and rhamnose were isolated by preparative HPLC; the identity of the 6-deoxyhexose was confirmed by its ~H-NMR spectrum and by further HPLC on HPX-87P (Bio-Rad). Glucose was identified as the D isomer by enzymic assay (using glucose-6-phosphate dehydrogenase and hexokinase), which gave the same result as a colorimetric assay [9] . Rhamnose was identified as the L isomer from the circular dichroic spectrum of its alditol acetate [10] .
Structural methods
Methylation analysis of the polymer, monitored by GLC and mass spectrometry (MS) of the methylated alditol acetates, followed standard procedures [11] . NMR spectra were obtained either with a JEOL JNM-GX270 or a Bruker WH-400 spectrometer. Spectra were recorded at 70°C, with acetone (6H 2.22; /$C 31.07) as the internal reference. In addition, the 13C spectrum with gated decoupling (to determine anomeric configurations [12] ), and 2D spectra (homo-and hetero-nuclear, to facilitate assignments) were also recorded.
Results and Discussion
LPS was obtained from defatted cell walls of B. cepacia in approx. 9% yield. After mild acid hydrolysis (during which the suspension turned dark brown, as previously noted for other LPS from the species [13] ), 23% of the material was recovered as a water-soluble polymeric fraction. Monosaccharide analyses showed that the material consisted essentially of D-glucose and Lrhamnose (molar ratio approx. 1:1), although a little heptose (chromatographically consistent with L-glycero-D-manno-heptose) was also detected (Dionex). The NMR spectra pointed clearly to a regular structure with a disaccharide repeatingunit. The 1H-NMR spectrum contained signals for two anomeric protons with 6 5.07 (J1,2 3.8 Hz) and 4.95 (unresolved), respectively, and a methyl doublet with 6 1.29 (Jl,z 6.2 Hz), inter alia. The 13C-NMR spectrum contained 12 signals, including two for anomeric carbons with 6 101.15 (3JcH 170 Hz) and 96.28 (3JcH 169 Hz), an unsubstituted hydroxymethyl signal at 6 61.00, and a methyl carbon at 6 17.44, inter alia. The NMR data show that both sugars are present as a-pyranosyl residues.
GLC and MS showed that the products from methylation analysis of the polymer were 1,4,5-tri-O-acetyl-2,3,6-tri-O-methylglucitol and 1,3,5-tri-O-acetyl-2,4-di-O-methylrhamnitol. The chemical shifts for C-4 of the glucose residue and C-3 of the rhamnose residue (Table 1) provided further evidence for glycosidic substitution at these positions. Thus structure 1 can be assigned to the repeating unit of the 09 polymer. This structure has previously been reported for the O antigen of Serratia marcescens strain S1254 [14] and (with partial acetylation at 0-2 of the rhamnose residue) for the 04 antigen of the same species [15] . The NMR data for the 09 polymer from B. cepacia (Table 1 ) are in good agreement with those reported in the earlier studies [14, 15] .
The polymer with repeating unit of structure 1 was the only one present in the batch of LPS studied, but LPS from several serogroups of B. cepacia give rise to mixtures of distinct polymers on mild acid hydrolysis (e.g. [5, 16] ). Mixtures of polymers were also encountered in other batches of LPS prepared from B. cepacia 09, and the cause of this phenotypic variation is under study. However, the LPS from which the polymer based on structure 1 was isolated reacted specifically with anti-O9 serum in double diffusion tests, showing the presence of the 09 antigen in this preparation.
